carried out as follows (Chart 3). A solution of 4a in benzene was treated with 5 molar equivalent of TFAA at room temperature for 1 h under an argon atmosphere, and then to this solution 5 molar equivalent of TFSA was added. The reaction mixture was allowed to react at room temperature for a further 1 h. Separation of crude products with medium-pressure liquid chromatography over silica gel yielded two 2-formyl-4-phenylsulfanyl-1,3-DiMeTIQs (5aA) (66%) and (5aB) (19%), and 2-formyl-4-phenyl-1,3-DiMeTIQ (7aA) (10%). The spectral and analytical data of 5aA and 5aB indicated that they are epimers in terms of the stereochemistry of the phenylsulfanyl group at the C 4 -position, although the stereochemistries could not be determined since the coupling constants between C 4 -H and C 3 -H of 5aA and 5bB showed similar values (Jϭ2 Hz). The structure of 7aA was deduced from the mass spectroscopic, 1 H-and 13 C-NMR data, and the stereochemistry of the phenyl group at the C 4 position was determined to be trans to the C 3 -methyl group from the coupling constant (Jϭ8 Hz) between C 3 -H and C 4 -H.
To simplify the product analysis, the Pummerer products were purified after reductive elimination of the phenylsulfanyl group. The benzene solution of 4a was treated with TFAA (5 mol eq) and TFSA (5 mol eq) followed by reduction with NaBH 4 -NiCl 2 to yield 2-formyl-1,3-DiMeTIQ (6a) and 7aA in yields of 79% and 5%, respectively, as shown in Table 1 (entry 1) . This result demonstrated that the TFSApromoted Pummerer reaction of 4a induced the cyclization leading to the isoquinoline ring in a highly effective manner, although the 4-phenyl-TIQ derivative (7aA) was a byproduct.
A similar reaction of 4a on using 7 molar equivalent of TFSA decreased the formation of 6a (68%) and increased that of 7aA (16%) ( Table 1 , entry 2). On the reaction of 4a using a large excess amount of TFSA (21 mol eq), 6a was not obtained, but instead 4-phenylTIQ (7aA) and its stereoisomer (7aB) were obtained in yields of 87% and 9%, respectively (Table 1, entry 3) . The results clearly demonstrate that the 4-phenylsulfanyl TIQ derivative initially formed by the Pummerer reaction undergoes an intermolecular alkylation reaction (Friedel-Crafts reaction) with benzene used as the solvent to give 4-phenylTIQ, and that the increasing acidity in the reaction medium facilitates this undesirable reaction.
Several attempts to avoid this alkylation reaction using other solvents such as tetrahydrofuran (THF) and dichloromethane failed, and no characterizable products were obtained.
The sulfoxide (ent-4a), an enantiomer of 4a, in the TFSApromoted Pummerer reaction, gave similar results to those of 4a, as shown in Table 1 (entries 4, 5, 6) , (Chart 4). The reaction of the sulfoxide (4b), a diastereoisomer of 4a, yielded the 2-formyl-1,3-DiMeTIQ (6b) and the 4-phenyl-DiMeTIQ (7bB). In the reaction using 5 molar equivalent of TFSA, 6b was obtained as the major product (53% yield) and 7bB as the minor one (9%) ( Table 1 , entry 7). The reaction with 7 molar equivalent of TFSA increased both the formation of 6b (56% yield) and 7bB (23% yield) ( Table 1 , entry 8). The reaction using 21 molar equivalent of TFSA also enhanced the Friedel-Crafts reaction to yield 7bB in an exclusive manner (91%) ( Table 1 , entry 9). The sulfoxide (ent-4b) in the reactions gave similar results to those of the enantiomer (4b), thus producing the corresponding 1,3-DiMeTIQ (ent-6b) and 4-Ph-1,3-DiMeTIQ (ent-7bA), as shown in Table 1 (entries 10, 11, 12) .
Alkaline hydrolysis of the N-formyl-1,3-DiMeTIQs (6a, ent-6a, 6b, ent-6b) yielded the corresponding chiral 1,3-DiMeTIQs (1a, ent-1a, 1b, ent-1b) . Similarly, N-formyl-4-Ph-1,3-DiMeTIQs (7aA, ent-7aB, 7bB, ent-7bA) yielded the 4-Ph-1,3-DiMeTIQs (8aA, ent-8aB, 8bB, ent-8bA) .
These results demonstrated that the super acid TFSA greatly facilitates the Pummerer-type cyclization reaction leading to the isoquinoline ring system, although the Friedel-Crafts reaction of the Pummerer product with benzene occurred. The fact that the increased acidity of the reaction medium dramatically enhanced the cationic cyclization in the Pummerer reaction suggested that the reaction can involve a dicationic intermediate like the super acid-catalyzed Pictet-Spengler reaction reported by Yokoyama and collaborators. 12) For example, as shown in Chart 5, the sulfoniumcarbenium dication (10) can be generated by the protonation to the cationic sulfur atom of the sulfonium ion (9) . The dicationic species may be a true electrophile in this cyclization reaction. Mechanistic studies are now under way.
Experimental
Unless otherwise noted, the following procedures were adopted. Melting points were recorded on a Yanagimoto SP-M1 hot-stage melting point apparatus and are uncorrected. IR spectra were measured as films for oils and gums, and KBr disks for solids with a HORIBA FT-710 spectrophotometer, and the values are given in cm
Ϫ1
. NMR spectra were measured on a JEOL JNM-AL300 ( 1 H-NMR: 300 MHz, 13 C-NMR: 75 MHz) NMR spectrometer in CDCl 3 with tetramethylsilane as an internal standard and the chemical shifts are given in d values. Low-resolution electron-impact ionization mass spectra (LR-EIMS) were recorded on JEOL JMS-AM20 mass spectrometer at 70 eV using direct inlet probe. High-resolution EIMS (HR-EIMS) and low-resolution chemical ionization mass spectra (LR-CIMS) were measured on a JEOL JMS-D300 mass spectrometer at 70 eV (EIMS) or at 270 eV 93 mmol) was added to a solution of 4a (500 mg, 1.59 mmol) in benzene (50 ml) at root temperature, and the mixture was stirred under an argon atmosphere. After the mixture was stirred for 1 h, TFSA (1.190 g, 7.93 mmol) was added, and the reaction mixture was further stirred at the same temperature for 1 h. To this reaction mixture, 5% NaOH solution (50 ml) was added and the mixture was extracted with benzene. The residue was purified by MPLC (benzene : acetoneϭ5 : 1) to give 5aA (312 mg, 66%), 5aB (76 mg, 19%), and 7aA (42 mg, 10%).
( Pummerer Reaction and Reductive Desulfurization of Pummerer Products: Typical Procedure i) TFAA (1.665 g, 7.93 mmol) was added to a solution of 4a (500 mg, 1.59 mmol) in benzene (50 ml) at room temperature, and the mixture was stirred under an argon atmosphere for 1 h. To this reaction mixture TFSA (1.190 g, 7.93 mmol) was added, and the mixture was further stirred at the same temperature for 1 h. To this reaction mixture, 5% NaOH aqueous solution (50 ml) was added and the mixture was extracted with benzene. The residue was dissolved in EtOH (200 ml) and NiCl 2 · 6H 2 O (1.13 g, 7 mmol) in EtOH (200 ml) solution was added to this solution under ice cooling. NaBH 4 (1.7 g, 21 mol) was added in small portions to stirred mixture at 0°C, and the mixture was stirred at room temperature for 2 h. Ice water was added to the reaction mixture and then the precipitate was removed by filtration. The filtrate was concentrated in vacuo. The residue was extracted with CHCl 3 . The residue was purified by MPLC (benzene-acetone 5 : 1) to give 6a (237 mg, 79%) and 7aA (21 mg, 5%) ( Table 1, ii) The reaction was proceeded under using excess amount of TFSA (5.1 g, 33.3 mmol) to give 7aA (367 mg, 87%) and 7aB (38 mg, 9%) ( Table  1, 4°(cϭ0.32%) . Similarly, ent-4a (3.0 g, 9.52 mmol) was treated with TFAA (9.99 g, 47.6 mol) and TFSA (30.6 g, 0.2 mol) under similar condition described above. The reduction of this reaction mixture in EtOH with NiCl 2 · 6H 2 O (1.13 g, 7 mmol) and NaBH 4 (1.7 g, 21 mol) gave ent-6a (128 mg, 7%), ent7aA (293 mg, 12%), and ent-7aB (1.832 g, 73%) ( Table 1, ϭϪ23.5°(cϭ1.00%). (1S,3S,4S )-2-Formyl-1,3-dimethyl-4-phenyl-1,2,3 Formyl-1,3-DiMeTIQs (6a, ent-6a, 6b, ent-6b ): Typical Procedure A solution of 6a (426 mg, 2.25 mmol) in EtOH (40 ml) and 20% NaOH aqueous solution (40 ml) was refluxed for 17 h under an argon atmosphere. The reaction mixture was diluted with water and extracted with CHCl 3 . The residue was purified by column chromatography over aluminum oxide with AcOEt-hexane (1 : 2) to give 1 (265 mg, 73%) as a pale yellow oil. Similarly, the isomers (6b-d) gave 1,3-DiMeTIQs (ent-1, 2, ent-2 
